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This thesis develops a two-sector endogenous-growth model of a small open 
economy with traded and non-traded capital goods facing an upward-sloping supply 
curve of debt. In my model, the equilibrium is characterised by transitional dynamics 
in which consumption, traded capital, non-traded capital, and debt converge to a 
common growth rate. The adjustment is achieved through the debt to traded capital 
ratio, which drives tbe borrowing rate to a level at which growth rates are equalised. 
The model is also used to examine the interaction between external debt and growth in 
response to various exogenous disturbances. The application ofthis model to a small 
open economy shows that they are in a marked contrast to the situations as in a perfect 
capital market. 
First of all, the simple recursive structure of the economic system breaks down 
owing to the dependence of capital accumulation on the level of debt accumulated. 
Secondly, an increase in the rate of time preference will raise the steady-state 
value of the relative price of non-traded goods, the marginal physical product of non-
traded capital, and the sectoral intensities of both traded and non-traded capital. The 
same increase in the rate of time preference, however, will drive down the marginal 
physical product of traded capital, decrease the market price of installed traded capital, 
and reduce the common growth rates of consumption, traded and non-traded capitals, 
and debt. Any changes in the costs of borrowing, in terms of changes in the world 
interest rate and the country-specific risk premium, have no effects on the steady-state 
value on all the above-mentioned variables. 
Lastly, the transitional adjustment of the economic system is characterized by 
three-dimensional planes relating non-traded goods' relative price, traded capital's 
shadow price, and consumption to the slowly evolving dynamic variables of non-
traded capital and debt per unit traded capital. 
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1 • 1 Chapter Preview 
This chapter is divided into three parts. The first part is a review of three 
bodies of literature which are the cornerstones of this thesis. They are the 
"endogenous growth model", the "dependent-economy model", and the “capital 
accumulation and economic growth model". The second part is a briefpreview ofthis 
thesis. The final part is a summary of this chapter. 
1.2 Literature Review 
1.2.1 The Development of Endogenous Growth Models 
From a chronological point of view, the starting point of modem growth 
theory is the classic article of Ramsey (1928). Its treatment ofhousehold optimization 
over time goes far beyond its application to growth theory. It would be difficult now 
to discuss consumption theory, asset pricing, or even business-cycle theory without 
invoking the optimality conditions that Ramsey introduced to economists. 
The next and perhaps more important contribution was those of Solow (1956) 
and Swan (1956). The key aspect of the Solow-Swan model is the neoclassical form 
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of the production function, a specification that assumes constant retums to scale, 
diminishing retums to each input, and some positive and smooth elasticity of 
substitution between the inputs. This neoclassical production function is combined 
with a constant-savin 3-rate rule to generate an extremely simple general-equilibrium 
model of the economy. 
One of the many predictions of the Solow-Swan model is that, in the absence 
of continuing improvements in technology, per capita growth will eventually cease. 
This prediction, which resembles those of Malthus (1798) and Ricardo (1817), also 
comes from the assumption of diminishing retums to capital assumption. However, 
empirical findings show that positive rates of per capita growth can persist over a 
century or more and that these growth rates have no clear tendency to decline. 
Cass (1965) and Koopmans (1965) bring Ramsey's analysis of consumer 
optimization back to the neoclassical growth model and thereby provide an 
endogenous determination of the saving ratc. This extension allows richer transitional 
dynamics but tends to preserve the hypothesis of conditional convergence. The 
endogeneity of saving also does not eliminate the dependence of the long-run per 
capita growth rate on endogenous technological progress. 
However, research on economic growth has experienced a new boom since the 
mid-1980s, beginning with the work of Romer (1986) and Lucas (1988). The 
motivation ofthis research is the observation (or recollection) that the determinants of 
long-run economic growth are crucial issues. They are even more important than the 
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mechanics of short-run fluctuation imposed by the counter-cyclical effects of 
monetary and fiscal policies. 
The initial wave of the new research by Romer (1986), Lucas (1988), and 
Rebelo (1991) is built on the work ofArrow (1962), Sheshinski (1967), and Uzawa 
(1965) . In the models of this new research, growth may go on indefinitely because 
the retums to investment in a broad class of capital goods, including human capital,-
do not necessarily diminish as economies. Thus, the recent contributions of these 
studies show that the long-run growth rate can be determined within the model; hence, 
the designation endogenous-growth models are being developed. 
1.2.2 The Development of Research on the Dependent-Economy Model 
Seminal work on the determination of relative price of non-tradable goods 
took place in the early 1960s. The papers by Balassa (1964) and Samuelson (1964) 
singled out the role of productivity differences in relative non-traded-goods prices. At 
about the same time when the works of Balassa and Samuelson appeared, Salter 
(1959), Swan (1960), Corden (1960), Pearce (1961), and McDougall (1965) began the 
modem analytical work on the short-run determinants of the relative price of non-
traded goods and the balance of payments in open economies. The model hence 
developed is frequently referred to as the "dependent-economy" model. This model 
serves as a reflection of the joint assumptions of price-taking behavior in the world 
traded-goods markets and market-clearing relative price of a non-traded good being 
determined domestically. 
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The inclusion of investment in the dependent-economy model by Fischer and 
Frenkel (1972) and Bruno (1976) in the 1970s began an extension of the short-run 
characteristics of the model into a long-run treatment of the determination of the 
relative price of non-traded goods, capital stock, and current accounts in a small open 
economy. 
In a recent paper, which also forms the basic framework of this thesis, 
Tumovsky (1996) develops an "intertemporal two-sector dependent economy model", 
with both traded and non-traded capital, appropriate to a situation of endogenous 
growth. Tumovsky identifies traded capital as physical capital and non-traded capital 
as being human capital. The model is equivalent to the two-sector model of physical 
and human capital pioneered by Lucas (1988) in form. Under the conditions that 
characterize a small open economy facing a perfect capital market, Tumovsky (1996) 
is able to derive a closed-form solution for transitional dynamic adjustment paths. 
This is in contrast with the existing two-sector growth model literature which either 
restricts itself to bala iced growth paths (Lucas, 1988; Devereux and Love, 1994), or 
analyzes the transitional dynamics using numerical simulation methods (Mulligan and 
Sala-i-Martin, 1993; Pecorino, 1993; Devereux and Love, 1994), with the exception 
of Bond, Wang, and Yip (1996), who use results from international economics to 
characterize the transitional path of a two-sector model of a closed economy. 
1.2.3 Development of Research on Capital Accumulation and Economic Growth 
Recent research analyzing capital accumulation and growth in the international 
economy are increasingly grounded on the underlying intertemporal optimizing 
behavior of private agents. Most of the literature, with a few exceptions (e.g. 
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Bardhan, 1967), deriving ideas from the traditional optimal growth models pioneered 
by Cass (1965) and Koopmans (1965) focuses on small open economies. Their models 
assume that such economies face a perfect world capital market for debt and they are 
free to borrow or lend as much as they desired at the given world rate of interest. 
These models investigate the relationship among the rate of capital accumulation, 
current accounts, and debt, in response to various types of disturbances. Buiter 
(1987), Brock (1988), and Obstfeld (1989) examine different fiscal shocks; 
Matsuyama (1987) st“dies input price shocks; and Sen and Tumovsky (1989a, 1989b) 
review disturbances in terms of trade and tariffs. With a perfect world capital market, 
as shown by Tumovsky (1996), the dynamic adjustment of the responses to exogenous 
disturbances has a simple recursive structure. This dynamic adjustment within an 
economy is driven by the accumulation of capital and does not depend directly on the 
stock of foreign debt. 
The assumption that developing economies, or less developed countries 
(LDCs), face a perfectly elastic supply of debt is clearly unrealistic. External 
borrowing in such economies has shown that debt repayments are not always made on 
time. Over-borrowing, result from inadequate perceptions of domestic growth 
potential, has occurred on occasions. Long gestation lags in investment projects lead 
to difficulties in meeting repayment commitments (Kharas, 1983; and Kharas and 
Shishido, 1987). Memational capital markets are likely to react to their perceptions 
of a country's ability to repay, with measures like requiring a risk premium on the rate 
at which they are willing to lend to such economies, imposing credit ceilings on 
borrowers and so on. 
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The idea ofimperfectly elastic supply of debt can be formulated by expressing 
the risk premium in terms of the absolute stock of debt (Bardhan, 1967; Obstfeld, 
1982; Bhandari et al., 1990; and Fisher, 1995). Others, such as Sachs (1984), Cooper 
and Sachs (1985), and Tumovsky (1997a), have argued on how a country, by adopting 
growth-oriented policies, can shift the upward-sloping supply function outward, so 
that at each level of debt, a lower borrowing premium is charged. This effect can be 
incorporated by assuming that the borrowing premium depends upon the level of debt 
relative to the earning, or debt-serving, capacity of the economy such as capital, or 
output that depends upon capital. This assumption is adopted by this thesis. 
1.3 Thesis Objectives 
The fact that the economy of LDCs are constrained in its access to world 
capital markets is well documented (Agenor and Montiel, 1996). The idea of such 
constraint can be incorporated by assuming that international capital markets will 
charge sovereign borrowers a higher interest rate as the borrowers' debt burden 
increases. That means lenders demand a risk premium, which is proportional to the 
level of accumulated debt, from the borrowing countries. 
The principal objective of this thesis is, therefore, to develop a two-sector 
endogenous growth model for the economy of LDCs in order to look at how the 
introduction of such risk premium charged by lenders changes the long-run 
equilibrium and the economic dynamics of the developing economies. This study 
involves four major tasks. They are: 
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I. To propose a theoretical framework of the model, which is largely built on the 
“two-sector endogenous growth model” constructed by Tumovsky (1996b), that 
can characterize such economies; 
II. To derive and describe the macro-economic equilibrium of the economies; 
III. To analyze the steady-state growth effects of exogenous disturbances on the 
steady-state equilibrium; and 
IV. To discuss the nature of transitional dynamics of such economies. 
1.4 Organization of the thesis 
Chapter 2 of this thesis lays out the theoretical framework of the endogenous 
growth model which is virtually an "imperfect capital market" version of Tumovsky's 
(1996b) RIE paper. It then derives and characterizes the static allocation conditions 
and the macro-dynamic system of the economy. 
Having derived the conditions for the steady-state equilibrium of the economy 
with a brief discussion about the existence and uniqueness of the equilibrium, chapter 
3 illustrates the model by analyzing the steady-state growth effects of three types of 
disturbances: (i) debt costs in the forms of an increase in the level of the exogenously 
given world interest rate, and an increase in the risk premium associated with the 
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country's debt. The former reflects a general tightening in the world credit market, 
and the latter describes a deterioration in country-specific borrowing opportunities; (ii) 
a demand disturbance in the form of an increase in the rate of time preference; (iii) 
productivity shocks in the both the traded and non-traded sectors. 
Chapter 4 discusses the nature of the transitional dynamics in response to debts 
costs and the rate of time preference disturbances as examples. 
Chapter 5 concludes with an overview of my findings and . 
Appendix 1 is a mathematical proof for the local dynamics of the economy. 
Appendix 2 is a mathematical investigation for the eigenvalue function of the dynamic 
system. 
1.5 Chapter Summary 
This chapter has presented a chronological review of three bodies of economic 
literature. They are the endogenous growth model, the dependent-economy model, 
and the capital accumulation and economic growth model, upon which this thesis is 
based. The argument for introducing an upward-sloping supply curve of debt to 
developing economie�‘ has been laid down. Such argument is also the motivation of 
preparing this thesis. The objective of this thesis is, thus, to study the economic 
implications of the introduction of an upward-sloping supply curve of debt on the 
steady-state equilibrium and the macro-economic dynamics of the developing 
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economies. Though the theoretical framework adopted in this thesis can be viewed as 
an “imperfect capital market" version of Tumovsky's (1996) paper due to the 
introduction of the upward-sloping supply curve of debt, one could equally argue that 
it is a "two-sector" extension ofTumovsky's (1997a) paper. 
9 
Chapter 2 
The Endogenous Growth Model 
2.1 Chapter Preview 
The theoretical framework of the endogenous growth model will be presented 
in this chapter. I will derive the optimality conditions, and the transversality 
conditions of the agent's optimization problem through maximizing the agent's 
intertemporal isoelastic utility function subject to constraints. The macro-economic 
equilibrium in the forms of static allocation conditions and macrodynamic equilibrium 
will then be determined. There will be a summary of this chapter at the end. 
2.2 Theoretical Framework 
A small open economy is inhabited by a single infinitely-lived representative 
agent. The agent accumulates two types of capitals for rental at the competitively 
determined rental rate. The first type of capital is the physical capital, K, which is 
traded, and the second is the human capital, //, which is non-traded. Neither of these 
capital goods is subject to depreciation. For expositional simplicity, there is no 
government. 
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These two forms of capital are used by the agent to produce a traded good, Yj, 
taken to be the numeraire, by means of a linearly homogeneous production function: 
Y^  = aK^H'-" ； 0 < a < 1 (2.1a) 
where K^ and H j denote the allocation of the respective capital good to the production 
of the traded good. The agent also produces a non-traded good, Tw, using an 
analogous production function: 
Y, = b K f ^ H y . 0 < P < 1 (2.1b) 
The relative price of non-traded goods, p, is taken as exogenously given by the 
agent, and is determined by market-clearing conditions in the economy. Both traded 
and non-traded capital are costlessly and instantaneously mobile across the traded and 
non-traded sectors, with the sectoral allocations being constrained by: 
K.r + K,. = K , (2.2a) 
H, + //v = H . (2.2b) 
The accumulation of traded capital, which does not subject to any 
depreciation, involves adjustment costs. Thus. I assume the rate of traded capital 
accumulation to be: 
人'= / (2.3a) 
The adjustment costs are represented by the quadratic (convex) function: 
0(/,人-)=/(1 + " / /2人0. (2.3b) 
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This equation is an application of the familiar Hayashi (1982) cost-of-
adjustment framework, where the adjustment costs are assumed to be proportional to 
the rate of investment per unit of installed capital. 
In addition to his ability to accumulate the traded and non-traded capital, the 
agent can lend to or borrow from an imperfect world capital market. This idea is 
incorporated by assuming that the agent faces an upward-sloping supply schedule for 
debt, which embodies the risk premium associated with lending to a sovereign 
borrower. This analysis shows the effect of such a constraint on borrowing changes 
the dynamics of growth and debt accumulation fundamentally. The simple recursive 
dynamic structure associated with a perfectly elastic supply of debt breaks down. This 
breaks down because the marginal cost of capital facing the agent, and therefore 
determining their investment decisions, is now dependent upon the outstanding stock 
of debt. Conditions in the international capital market thus become important in 
determining the growth of capital in the domestic economy. 
In the above context, the debt supply function can be most conveniently 
specified by 
i{Z|K) = i,+i,v{Z|K)', (2.3c) 
where /o is the interest rate prevailing internationally and i^v {Z/K) is the country-
specific risk premium, which varies with the stock of foreign debt per unit traded 
capital held by the country. Traded (physical) capital, instead of total [i.e., traded 
(physical) as well as non-traded (human)] capital, is employed to represent the debt-
serving capacity which implies that non-traded (human) capital cannot be used as a 
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collateral for intematxOnal borrowing. A similar assumption was adopted by Barro, 
Mankiw, and Sala-i-Martin (1995). 
Therefore, the agent's instantaneous budget constraint is specified by 
N 
Z = CV + pC^ + /(1 + T]I|2K) - aK^H\-" - phK^^HY + i{Z|K)Z + pH (2.4) 
where Cj and C^ are the agent's consumption of the traded and non-traded goods, Z 
(=-B) denotes the stock of debt. B is the stock of internationally traded bonds. 
The agent's optimisation decision is to choose the rate of consumption (Ci, 
CN), the capital allocation decisions {Kj, ^N, Hj, 7¾), and the rates of capital 
accumulation, I and H, to maximize the intertemporal isoelastic utility function: 
Q 三 [ - (C '^C ' - 'Ye-^ 'd t (2.5) 
•0 y 
subject to the constraints (2.2)-(2.4) and the initial stocks of assets Ko, Ho, and Zo. 
The future-value Hamiltonian for this optimisation problem is 
K\c',c';y+q^(l-k)^ 
r (2.6) 
义[aK^r H\-" + pbKf^ HY - CV - pC^ - i(Z/K)Z - /(1 + r]I|2K) + Z - pH] 
where q' is the shadow value of the agent's traded capital stock and X is the shadow 
value (marginal utility) of wealth held in the form of internationally traded bonds. 
This analysis is simplified by using the shadow value of wealth as numeraire. 
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Consequently, q = q\ X is defined as the market value of installed traded capital in 
terms of the (unitary) price of foreign bonds. 
The following optimality conditions with respect to Cp, C^, Kj, K^, Hj, H^, 
and I obtain: 
6C ' / - 'C f - ' ^ = A , (2.7a) 
( } - 0 � C f C 7 N " ” =A^p, (2.7b) 
aa Kf H'T-a = pbp K^i' H'/ = r,, (2.7c) 
a { l - a ) K ^ H - / = p b { l - p ) K ^ H - / = r , , (2.7d) 
l + ri{l|K) = q. (2.7e) 
The first pair is the usual intertemporal envelope conditions relating the 
, z ,.. 
marginal utility of the two consumption goods to the shadow value of wealth. 
Equation (2.7c) and (2.7d) equate the marginal retums to traded and non-traded 
capital across the two sectors. The quantities r^ and rn define the marginal physical 
products of traded and non-traded capital, respectively, measured in terms of traded 
output (the numeraire). Equation (2.7e) equates the marginal cost of an addition unit 
of investment, inclusive of marginal installation cost V[IIK, to the market value of 
capital. Equation (2.7e) may be immediately solved to yield the following expression 
for the rate of accumulation of traded capital: � 
l | K = k | K = (q-V)/hE<Kt), (2.8) 
so that starting from an initial level of Ko, the stock of traded capital at time t is K{t)= 
J V — 
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Applying the standard optimality conditions with respect to debt Z, and the 
two forms of capital, K and H, leads to the arbitrage conditions: 
p - j = i(Z/K), (2.9a) 
i + i + ^ ^ = / ( Z / ^ , (2.9b) 
q q ^m 
- + ^ = i{Z/K), (2.9c) 
— P P 
It is important to emphasize that in performing his optimization, the 
representative agent takes the interest rate as given. He, in making his decisions, 
assumes that he is unable to influence the interest rate. 
Finally, to ensure that the agent's intertemporal budget constraint is met the 
following transversality conditions must be imposed: 
limAZe-^' = limq'Ke-^' = limA pHe—'' = 0 . (2.10a) 
Z—oo t^co /~>oo 
Substituting the solution for A:(t) and the corresponding solution 
{p?-f'[(M)—/(�._} 
A(t) = l(0)e J�“ 
into (2.10a) we obtain 
, {Wi-)-i{s)]ds} 
l imqKe- ' '=U{0)KJime^ ' ‘ , (2.10b) 
t->co /~>oo 
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where q denotes the steady-state value of q. Since /(z) ^ /(z) and q^q 
exponentially along the transitional adjustment path, the transversality condition 
(2.10c) will be met if and only if 
^ = ^ < / ( z ) , (2.10c) 
A rj 
that is, if and only if the rate of growth of traded capital is less than the cost of debt. 
With equilibrium being one in which debt grows at the rate of capital, the condition in 
(2.10a) will be met. 
2.3 Determination of Macroeconomic Equilibrium 
We define aggregate consumption C, which is expressed in terms of the traded 
good as numeraire, by 
C — Cj + pCj^ • 
This definition, together with the optimality conditions (2.7a), (2.7b), implies 
that consumption of the two goods are 
C,=0C, pC^=(l-0)C, (2.11) 
leading to 
• • • • 
Cj C p Cj^ c 
“—=—, —+ ~— = — (2 12) 
C'Y C* p c^N c 
Combining the time derivative of (2.7a) with (2.12) implies that aggregate 




where at this point the rate of inflation of the relative price, p|p, is yet to be 
determined. 
2.3.1 Static Allocation Conditions 
Let CO = K^!H^ denote the traded to non-traded (i.e. physical to human) capital 
ratio in the traded sector. Dividing equation (2.7c) by (2.7d) yields 
t = ( U ) ( ^ ^ , (2.14) 
implying that the capital intensities in the two sectors move proportionately. 
Substituting (2.14) into the first equation of (2.7c) implies 
� = S p ^ , where ^ 三 [ ( - ) ^ ( | ^ ) ” - ] ^ . (2.15a) 
a 1 - a a 
This equation, together with (2.14), yields simple relationships between the 
sectoral capital intensities and the relative price of non-traded to traded output. 
Combined (2.15a) with (2.7c) and (2.7d) will in tum lead to the following expressions 
for the marginal physical products of the two types of capital: 
( ^ ) 
r,{p) = aaco"-' = a a 5 " ' ' p " , (2.15b) 
a 
r, {p) = a{\ - a )o) “ = a(l - a)S >(巧）. (2.15c) 
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Equation (2.14), together with the sectoral allocation relationships (2.2a) and 
(2.2b), leads to the following expressions for the levels of the capital stocks and 
outputs instantaneously employed in the two sectors: 
P{l-a)coH-a{l-p)K p{X-a)cDH-a{X-P)K 
H j = — , Kr = , (2.16a) 
丁 co{p-a) , T p-a � 乂 
a(l-/])(K-coH) /](l-a)(K-coH) 
付 “ = c ( f i - a ) , K , = ^ “ J ^ a “ ^ , (2.16b) 
-r,{X-p)K^r,pH {l|p)[r,{l-a)K-r,aH],”“ 
A = J^a , 4 = j:Ta , (2.16c) 
These equations in tum can be expressed in terms of the relative price p by 
substituting for co from (2.15 a). 
The traded sector is assumed relatively intensive in traded capital. To ensure 
that the sectoral capital allocations K“ H\ are not negative, the sectoral and aggregate 
capital intensities mubt satisfy the following conditions: 
r^ P K, K K, r a 
- ( - .~~^) = 77" < 77 < T T = ~^~^ ) . (2.17) 
h \-P f^N H H^ r, \-a 
2.3.2 Macrodynamic Equilibrium 
To derive the macrodynamic equilibrium from the optimization problem, we 
need to express it in terms of stationary variables, c, z, h, p, and q, where we define 
C Z H 
c = I , z i , “ 1 (2.18) 
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as consumption, debt, and non-traded capital per unit of traded capital respectively. 
By the market clearing condition for non-traded capital, 
H=Y^-C,. (2.19a) 
Equation (2.4) can be written as 
Z = C^ + /(1 + r|I|2K) — Y^ + i(Z/K)Z (2.20a) 
Substituting (2.11) and (2.16c) into the above equations (2.19a) and (2.20a), 
we have 
• (yp)[r,(l-a)K-r,aH] 1-6 
丑 = , " n ——-~~--——C (2.19b) p-a p 
Z = OC + /(1 + iiI|2K)-[—尸“1一二)“尸"周 + i(Z/K)Z (2.20b) 
p — CL 
Taking logarithm and differentiating (2.18) with respect to time t, we have 
c _ C _ _ ^ i _ Z K h_^ ^ 
~c^~C~~K' —z=a' ~h^ll~Y 
. � < i ^1 . Z K , H k^ 
c = [ ? - , ; z = ~ r ? . , “ a ' 
Hence, 
(上） 
. . [ 1 - / (1 - 0)]Kz) - p+ r (1 - 0)a{l - a)5 > ” q-l 一 � 
c={ — -—}c (2.21a) 
q^-\ q-l z = ^ c + ^ ^ - ( ^ ) z + 
2^ r? 
a (丄） ^ (2.21b) 
^ {y (^l - «)^ "hp a-召—a (1 — fi)S a-\p'"�} + /(z)z 
cc — p 
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. aa(\ - a) , ( ^ ) (々 ） c q -1 
h = ^——)-�8“p" -5^hp^-P )-{X-0)--{-^)h (2.21c) 
p-a p rj 
p = /(z)p — a{l - a )S 乂巧） (2.21d) 
(q-iy 1 ( ^ ) 
q ^ i { z ) q - ^ 乂 - a a S " - ' p "“^ (2.21e) 
2// 
These equations are non-recursive and the value for c, z, h, p, and q are 
determined by solving the simultaneous systems of differential equations. However, 
ifthe economy faces a perfect capital market or /(z) = /�，which is a constant, (2.21) 
will have a simple recursive structure. The relative price of non-traded goods will 
evolve autonomously in accordance with (2.21d), and in tum determines the evolution 
of the market price of installed traded capital. Having decided the p and q, one could 
ascertain c by (2.21a) and then makes use of (2.21b) and (2.21c) to solve z and h 
respectively. 
However, this recursive structure does not work for an economy facing an 
imperfect capital market as the relative price of the non-traded goods, which 
determines the marginal physical product of capital, is now dependent on the level of 
debt [see, (2.21)]. As a result, the recursive structure of the dynamic system is broken 
down. 
Linearizing the dynamic system (2.21a)-(2.21e) by 1st order Taylor's 
expansion around the steady-state of (2.21a)-(2.21e), the local dynamics are described 
by 
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0 a^ 2 0 ?^14 -^15 
C 1 «21 «22 «23 ^2A ^25 ^~^ 
z Z-Z 
• ' “ ^ 
h = «31 0 «33 «34 _以35 办一办 (A2) 
P P-P 
_ q 」 0 ^½ 0 -«44 0 [ q-q _ 
_ 0 5^2 0 5^4 ^^55 _ 
This system has three positive (unstable) and two negative (stable) eigenvalues 
[see, Appendix 1 for proof]. Since consumption, c, the price of traded capital, q, and 
the relative price of non-traded goods, p, canjump instantaneously, while the ratio of 
debt to traded capitai, z, and the ratio of non-traded capital to traded capital, h, are 
constrained to adjust continuously, the number of unstable roots equals to the number 
ofjump variables. 
2.4 Chapter Summary 
In this chapter, we have featured the theoretical framework of the model. A 
single infinitely-lived representative agent accumulates two types of capital: physical 
(traded) capital and human (non-traded) capital which are employed to produce a 
tradable good and a ron-tradable good by means of linearly homogenous production 
functions and are subject to no depreciation. However, the accumulation of traded 
capital involves adjustment costs that are proportional to the rate of investment per 
unit of installed capital. On top of accumulating the two types of capitals, the agent 
who is facing an upward-sloping schedule for debt, can lend to or borrow from an 
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imperfect world capital market. This analysis shows how such a constraint on 
borrowing changes the dynamics of growth and debt accumulation in a fundamental 
way. The simple rc cursive dynamic structure associated with a perfectly elastic 
supply of debt breaks down because the marginal cost of capital now depends upon 
the stock of debt. Therefore, international capital market conditions do play a role in 
determining the growth of capital in the domestic economy. We also assume that 
there is no government for sake of simplicity. 
The optimization decision of the agent is to choose the rate of consumption, 
the capital allocation decisions, and the rates of capital accumulation to maximize his 
intertemporal isoelastic utility function. In making his decisions, however, it is 
assumed the representative agent cannot influence the interest rate. The optimality 
conditions are then derived and employed to determine the static allocation conditions 
and the macrodynamic equilibrium. 
For static allocation conditions, it is shown that the marginal physical products 
of the two types of capitals are a function of the relative price of non-traded goods, p, 
owing to the perfect mobility of capitals across the traded and non-traded sectors. The 
sectoral allocation of traded capital, non-traded capital, and output are a function of p. 
In order to determine the macrodynamic equilibrium, a new set of stationary 
variables, namely, coiiSumption, debt, and non-traded capital per unit of traded capital 
is constructed. Making use of the market clearing condition for non-traded capital and 
the optimality conditions, the dynamic system of the economy is ascertained. We 
have proved that consumption, the price of traded capital, and the relative price of 
22 
non-traded goods jump instantaneously but the ratio of debt to traded capital and the 
ratio of non-traded to traded capital are constrained to adjust continuously. 
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Chapter 3 
The Steady-State Equilibrium 
3.1 Chapter Preview 
In this chapter, we are going to characterize the steady-state equilibrium of our 
model. The conditions for the steady-state equilibrium will be determined by an 
examination of the existence and uniqueness of the balanced growth equilibrium. I 
then proceed to study the effect of an increase in the costs of borrowing, domestic 
demand shock, and domestic supply shock on the long-run steady-state equilibrium. 
This will be followed by the economic implications of all these effects. This chapter 
also ends with a chapter summary. 
3.2 Conditions for Steady-State Equilibrium 
The steady-state growth path will be obtained when c = z = h = p = q 二 0, so 
that the corresponding steady-state values of c’ z, h, p and q, denoted by tildes, are 
determined by 
( i ) 
[\-y{\-e)]i{z)-p + Y{\-e){\-a)a5^p "_P q - \ 
W = ~V (3.1a) 
^ - ( ^ ) F + ^ _ - 0 h y 3 - 4 1 - - 1 ( S ) } ( i i b ) 
+ z'(z)z+6>c=0 
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[ aa ( l — QO][5 a - \，、 U � _ 3 « y S ) ] = (1 — 0 ) ^ ^ { ^ ) h (3.1c) 
p-a P ” 
i{z) = {X-a )ad^P^^^ (3.1d) 
(〜 |\2 a-1) 
i(z)q =�q;”) — aa5 ^''p ^ (3.1e) 
The constant ratios of consumption to traded capital, debt to traded capital, and 
non-traded capital to traded capital also imply that, in the long run, consumption, debt, 
� q-\ 
traded capital, and non-traded capital all grow at the same rate,小(= ). 
3.2.1 Existence and Uniqueness of a Balanced Growth Equilibrium 
Being nonlinear, (3.1) raises the potential problems of being nonexistence and 
non-uniqueness of a balanced growth equilibrium. This can be seen by combining 
(3.1a)&(3.1e), to obtain 
(1 - 2 y )q' + 2(p?j + y)q - (1 + 2rjr,) = 0. (3.2) 
This is a quadratic equation in q and the economy will ultimately follow a 
balanced growth path if and only if (3.2) has (at least) one real solution. As long as y 
< %, the existence of real roots to this equation is assured. However, for y > %，it is 
possible that the retums to capital sufficiently dominate the retums to consumption so 
that long-run balanced growth equilibrium may not exist, where the retums on these 
two activities are brought to equality. 
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Provided that the roots are real, (3.2) admits two solutions for q, say qu qi 
corresponding to the negative and positive roots respectively, suggesting the potential 
existence of two steady-state equilibrium growth paths. In order to be viable, these 
roots must be (i) nonnegative, and (ii) consistent with transversality conditions 
(l.lOc). If y < V2, the smaller of the two roots, q\, violates (i), it violates (ii) if y > %. 
However, the larger root, q2, always satisfies both conditions, implying that in fact 
there is only one viable solution. 
3.3 Long-Run Adjustment 
Long-run adjustment results are obtained by differentiating equation(3.3) with 
respect time k’ h’ a, b, and p. 
lnp = ( ^ )ln/(z) + lna - (|)lnZ> -
( ¥ ) [ l n ( l - a ) + ( ~ ^ ) l n ( � ( f ^ ) i ’ ^ " ' ^ 
p a-p a \-a 
l n ^ = ( ^ ^ )[lnb - lna + \np + ln(^ ) " ( f ^ 广“] (3.3b) 
ln^ =lna + ( ^ - l ) l n ^ + l n a : (3.3c) 
ln^ = \na + a\nS^\n(\-a) (3.3d) 
K (q-lf 
^ + \ ^ = Kz) (3.3e) 
q ^rjq 
r--t 
| = 例 (3.3f) 
.< 
P = K^) = h +h^(^) (3.3g) 
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aJ^J^ + cOK = _ ^ + ( i z i ) ^ ( 3 1 ) 
a-p rj 
八 〜 { q ^ - 1 ) , P �~r^ .,���，《-1、〜,\ — P � � / ” ; � 
'c + ^ 7 " + ( 口 > 力 + # ) z = ( Y ) " ( ; ^ ) r " (3*均 
The solution of differentiating (3.3) leads to the results shown in Tables 3.1-3.3. The 
results in the "Perfect Capital Market" is Tumovsky's (1996b) work. 
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Table 3.1: Effects on Long-Run Equilibrium - Country-Specific Risk Premium and 
Foreign Interest Rate Shocks 
v\\N\N<y\NX\v<\>^ \^ ^^  
di^  diQ Perfect Capital Market's Case 
" ^ r 0 0 {n|:) 
# 0 0 i ^ - P ^ 
p 1 p J 
巡 0 0 广1 ^  
^ 1^> 
^ � 0 r a ^ 
^ l ^ . 
吞 0 0 ( J - ^ ] 
?k \ ~ F ) 
dq 0 0 ( \ - a r , ) 
" ( 7 ) [ t ] 
[l + 77/o]-f 
v / 
C 0 0 ( 1 A 
〜） l - r V J 
袖 ‘ � f ( 宁 南 ） 
_ P h 




l ab l c 3.2: l{iTccts oi Long-run I-quilibrium - I)omcstic Demand Shock 
dp Perfect Capilal Marke t ' s Case 
dT 1 [n|a) 
cip a-[5 ( 0 ) 
y Pi{z) 
d ^ 1 {0) 
() Pi{z) 
f ^ a (0) 
X J ^ 
^ — l-Q- (0) 
5 —师 ) 
而 , i - % ‘“、丄〜 （0) 
( 7 ) ¾ ) + " 
— f ^ l ^ 
/ ( ? ) - ( — ) 
n 
C 1 ( 1 A 
〜） r H 
^ V1 — / y 
d$ ( ^ " ) ( - 5 ) + f (0) 
^ P A/(gV ^ 
— Y^\““ / ( ? ) - ( L ) 
n 
^“�..、〜""^.“，'“. -^"-"^'-^' ‘ '• •“ • ” •* ^  -^ ‘^ •‘ ‘ — •‘ • • "^** •-^'*'^'*‘ ^""^‘ *^ f- -^".-^-^,-..^>..^,^,^..,-.,^^^>3.^^-,^i^.-^-^-. ». ,„.i^-.^^^..», «•„..,_•- ... w^^-.,... .-. .^„-.-^ , . . . - — . . . � - . , 
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Table 3.3: Effects on Long-Run Equilibrium - Domestic Supply Shocks 
«iRaMga«gSiigsas«aa»agatasi:KS3BwgsaswsaB»g<waisswisa«»»ssggaw»s»aKa:^ www«««sgg«~Ra«WM»»gg«»awawsaaagsa?«gsa»ggaMsaag«^ «ag«aBiKsa»y;iwgaaaag&j<jgSKca»5asKwatftKa«»»a«asaj!i«sa««;a»»»a«cKgKWM«sKTOasag 
da db 
T T 
. � — — _ ^ Q 
d i 
V ~ 1 a 
d p -— —— p 
P 




r ~ 1 a 
^ ——P 
h 
^ 1 宁 
h 
dq ___5 (1^)^ 
q-\ ( R 广" 
/ ( ^ - ( L ) _ P ^ ^ _ ^ 
rj q -1 
m - { ^ ) 
C 0 0 
〜） 
却 ^ ( - ) r 
rji(z)-(q-l) ( P ) k 
77 /(z) - {q - 1) 
嫩\職\\\\會、狐被纖姚狐^^狐彻似^卿嫩戴嫩歡嫩瓶佩撤華麟&^^^^^观秘嫩议縱、_^^^^^^叙碰雕嫩舰雜職嫩似纖嫩她滅 
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3.4 Applications of the Model 
This section analyses the effects of alternative types of disturbances on the 
equilibrium obtained in the previous sections. The three types of shocks are: 
1. borrowing costs shocks which takes the form of (a) an increase in world interest 
rate; (b) an increase in the country-specific risk premium; 
2. domestic demand shock which takes the form of an increase in the rate of time 
preference; and 
3. domestic supply shocks which takes the form of proportional shifts in the 
production functions of the traded and non-traded sectors. 
These shocks are exemplified in the following sections. 
3.4.1 An Increase in the Costs of Borrowing 
(3.2) shows that q is independent of /o. Following from this, (3.3g) 
demonstrates that the equilibrium borrowing rate, i(z), must be independent of k. 
Thus, the direct effect of an increase in the world interest rate k is a rise in borrowing 
costs. This leads to a long-run reduction in the debt to traded capital ratio which 
exactly offsets the higher cost incurred in borrowing and leaves the overall 
equilibrium cost of debt unchanged. The steady-state equilibrium relative price of 
non-traded goods p , the marginal physical products of traded capital ^ and non-
traded capital ^ , sectoral intensities S, and the shadow price of traded capital q are 
all determined by the supply conditions and the overall equilibrium cost ofborrowing, 
/(z). These values are independent of any increase in foreign interest rate. That is, 
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p , S, ^ , ^ , and q are all independent of k. The equilibrium growth rate of traded 
capital determined by q is therefore also independent of k. The same applies to non-
traded capital. Furthermore, higher world interest rate has no effect on steady-state 
consumption-wealth ratio, which is determined by the difference between the overall 
costs of borrowing and the domestic rate of time preference. The responses of these 
values to an increase in the country-specific premium, ii, are qualitatively identical, in 
fact proportional to the above results. 
3.4.2 An Increase in the Rate of Time Preference 
Since the equilibrium borrowing rate, /(z), must equal to the rate of time 
preference, p, in the long run, an increase in the rate of time preference leads to a 
corresponding increase in the borrowing rate and requires an increase in the debt to 
traded capital ratio. An increase in the borrowing rate raises ^ /p [see, (2.8c)]. With 
the production function for the non-traded sector remaining constant, this raises the 
relative sectoral capital intensity in the non-traded sector, KnlH^ [see, (2.7d)], raising 
Kj!Hj proportionately; i.e. ^ rises. The rise in the Kj!H^ ratio reduces the marginal 
physical product of the two types of capital which are to be equated across the two 
sectors. The relative price of the non-traded good must be changed to offset the 
impact of the higher sectoral capital intensity S on the marginal physical product of 
capital in that sector. Thus, p must rise according to a > p. The decline in the 
marginal physical product of traded capital reduces the market price of installed 
capital, thereby reducing the equilibrium growth rate of capital. The same applies to 
non-traded capital. 
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The higher rate oftime preference has two effects on the consumption-wealth: 
(i) it directly induces domestic residents to increase the fraction of wealth to be 
consumed, (ii) it indirectly discourages the fraction of wealth consumed through 
raising the overall cost of borrowing by pushing up the debt to traded capital ratio. 
However, the direct induction effect overwhelms the counter effect leaving a net rise 
in the level of consumption per wealth. 
3.4.3 An Increase in Domestic Productivity 
The effects of an increase in domestic productivity on the steady-state 
equilibrium are exactly the same as in the case of perfect capital market (i.e. the 
representative agent can lend to or borrow from the world capital market as much as 
he wants at a given interest rate) because changes in the external market conditions do 
not have any effects CA the supply conditions of the economy. 
3.5 Chapter Summary 
In this chapter, I have shown how the introduction of constraint on borrowing 
leads to the break down of the simple recursive dynamic structure associated with a 
perfectly elastic supply of debt. The marginal cost of capital facing the representative 
agent, which determines his investment decisions, is now dependent upon the 
outstanding stock of external debt. 
The constancy of consumption to traded capital, debt to traded capital, and 
non-traded capital to traded capital ratios in the steady-state equilibrium implies that 
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consumption, debt, traded capital, and non-traded capital all grow at the same rate, ^ , 
in the long run. 
Having proved the existence and uniqueness of the steady-state equilibrium, I 
continue to investigate the impact on the steady-state equilibrium of (i) an increase in 
the costs ofborrowing, (ii) an increase in the rate of time preference, and (iii) a change 
in the level of technology in the traded and non-traded sectors on the steady-state 
equilibrium. Results of my study show that the long-run adjustment in an imperfect 
capital market is in a marked contrast with that in a perfect capital market. 
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Chapter 4 
The Transitional Dynamics 
4.1 Chapter Preview 
The stable transitional adjustment path for z, h, p, q, and c will be derived in 
this chapter. The loci for p, q, and c will then be determined by using these 
adjustment paths. From these loci, the stable saddlepath dynamics can be and will be 
examined. The transitional dynamics in response to the changes in the costs of 
borrowing and the rate of time preference graphically with a brief economic 
interpretation of the phenomena will also be studied. This chapter ends with a chapter 
summary. 
4.2 Derivation of Transitional Adjustment Paths 
This analysis focus on the stable adjustment paths beginning from a given 
initial debt to traded capital ratio, zo, and a non-traded to traded capital ratio, ho. The 
solutions for h, z, p, q, and c along such paths are 
h = h+A,e'^' + A , y (4.1a) 
z = z + y/{s ,)^i^"' + H s 2)為广' (4.1b) 
P = ^ + [ 7 ^ ] Y ( " i M , + [ ^ f - H K ^ 2 > ^ ^ ' (4.1c) 
匕 1 十 " 4 4 ^ 2 + ^ 4 4 
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«52^  1+^ 44^ 52 +^ 42^ 54 印 5^2^  2+^ 44^ 52 +^ 42^ 54 , , 、乂 呼 /7Mrh 
q = q + [^^~~^^^^~~^^^-]i|/{e i)A^e ^ +[ 1^ (^^ 2)^ 2^  (斗」。) 
(s 1+ «44 )(£ 2- ^55) (£ 2+ ^44 )(^  2- ^55) 
口 1 2 右 ? + [ 口 1 2 ( 口 4 4 _ 口 5 5 ) _ 口 4 2 ( 口 1 4 + « 5 2 ) 1 ^ 1 - ^ 5 5 ^ ^ 1 2 ^ 4 4 ~ 以 1 4 “ 4 2 ) _ " 1 5 ( 以 4 4 % 2 + ^ 4 2 ^ 5 4 ) ^ ] / 
c = c + { )^/{e^)A^e 
£ l { £ 1 + « 4 4 ) ( 右 1 _ 以 5 5 ) 
«12^  2+ [«12 («44 _ 5^5 ) _ 4^2 (口14 + «52 )]石2_ 5^5 («12^ 44 一 1^4^ 42 ) _ 1^5 (^ 44^ 52 +“42�4) s)t + { — ~}<^石2)々 。 
石 2 ( £ 2 + ^ 4 4 X ^ 2 " 口 5 5 ) 
(4.1e) 
where y/{s^) and ajk are defined in Appendix 1 and for notational convenience, Ai 
and A2 are given by 
r^ r--J 
y/{82)dh -dz dz- y/{s^dh 
^ — J^ — 
‘“y/{s,)-y/{s^) ‘ 2 y / � s ) - y / � s ) 
and 
r^ r^ 
dh=h_hQ, dz = z-Zo 
denote the long-run changes in h and z from their respective initial starting points. 
One can eliminate 已印 and e^ to define the three loci: 
«42 ^^1 ¥1 aAj¥\¥j 1 1 P- P = — ^ [ ~ ~ - - - ~ ~ — ] ( z - z) + 42 1 2 [ — ](办—& (4 2a) 
y^\ - ^2 ^l+^44 ^2+^44 ^\ ~ ^2 ^2+^44 ^l+^44 
q — 〜 q = ^ ^ ( z — z〜）+^ (¾ - si x^ -石） （4.2b) 




S _ ^ 52^ /+^ 44^ 52 +^ 42^ 54 
' _ (^,+ a44)(^/-^55), 
2 
«12�+[a12(a44 _阳）-。4 2(口1 4 + ^ 52)]^ /• -^ 55(^ i2^ 44 -^ 14^ 42)-^ 15(^ 44^ 52 +^ 42^ 54) 
T]= “ 
(〜+«44)(〜-“55)〜 
f o r i = l , 2 
(4.2) are three-dimensional planes relating the instantaneous non-traded goods' 
relative price, traded capital's shadow price, and consumption to the slowly evolving 
dynamic variables h and z. These equations are the analogues to the usual two-
dimensional stable adjustment path associated with saddle points. 
As shown above, the transitional dynamic behavior of the economy is 
determined by the system of differential equations, (2.21a)-(2.21e). In the short run h 
and z may be regarded as predetermined. Any response to exogenous shocks will, 
therefore, affect on p, q and c. These variables are determined by the expected long-
run response of both z and h to the shocks. In this respect, the dynamics of the 
system are forward-looking. 
In the next section, the transitional effect of exogenous shocks; namely, shifts 
in the costs of borrowing, and the rate of time preference will be examined. The 
shocks to be considered are all unanticipated permanent changes. 
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4.3 Characterization of the Transitional Dynamics 
The transitional dynamics in response to the two shocks, the costs of 
borrowing in the form of world interest rate k, and a country's specific risk premium 
/i, and the rate of time preference p, are illustrated in Figures 1-2, respectively. In 
each case, Part A of the figures illustrates the transitional path of the debt to traded 
capital ratio, z, and the non-traded capital to traded capital ratio, h. The transitional 
dynamic paths followed by h and z can be obtained by using the dominant eigenvalue 
method originally suggested by Calvo (1987). The solutions for h and z (equations 
(4.1a) and (4.1b)) can be expressed in the form: 
h = h “ A,e'^' + A^e''' & z = z + y/(s ,)A,e'^' + y/{s ^)A,e''' 
Thus, we have 
z - z y/ {s,)A,e^'^-''^'+y/{s^)A^ 
h-h — 4 e ( " ) ] 4 
(see Appendix 2 for the definition of yA^ S\) > 0, ^^¾) < 0). Since &i is the dominant 
stable root (that is, 0 > ^ > £\\ it follows that as t — oo , (z — z)/(/? - h^ — y/{si) < 0. 
That is, z and h asymptotically approach their respective steady-state values along a 
ray that has a negative slope = yA s^j). 
Part B of the figures illustrates the transitional time path of the shadow value 
of traded capital, q, which is employed to aetermine the growth rate 命 which is equal 
to (q -1)/rj. Part C illustrates the transitional growth paths of traded capital, K!K, 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.3.1 An Increase in the Costs of Borrowing 
An increase in the exogenous world interest rate, k, or an increase in the 
country's specific risk premium, h, will lead to a long-run decline in the debt to traded 
r^ 
capital ratio, z，and a long-run surge in the non-traded to traded capital ratio, h , with 
r--j 
the shadow value of installed capital, q , and the long-run growth rate, ^ , being 
unchanged. 
Figure 1(A) illustrates the behavior of h and z. The initial steady state is at the 
origin. According to Table 4.1, z decreases across the steady states, whereas h 
increases, so new steady state is shifted from the origin to point A. The arrowed curve 
cannot cross the dominant eigenvector ray (which slopes negatively) because if it 
touches the dominant ray, it will stay on it indefinitely, for the dominant eigenvector 
ray is a solution of the differential system. The locus of the adjustment is convex and 
both h and z exhibit monotonic behavior. 
Figure 1(B) illustrates the time path of the shadow price of the installed traded 
capital q. Owing to the perfect foresight of the representative agent, an anticipated 
long-run decline in the relative scarcity of traded capital reduces the shadow value of 
the traded in the short nm. In terms of Figure 1(B), q initially drops from B to C. 
This reduction in q induces the economy to begin reducing its rate of traded capital 
accumulation, thus increasing its relative scarcity and hence its shadow value will 
begin to rise. The rise in the shadow value of the traded capital ceases only when the 
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C. Growth Rates 
Figure 1. Increase in the Borrowing Costs 
I 
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After the initial reduction of the shadow price of the traded capital, q > 0 
along the transitional path implies that after its initial decline, the growth rate of 
traded capital is in fact increasing along the transitional path. In addition, the fact that 
z < 0 and h > 0 along the adjustment path implies that (Z/Z) < (K/K) < (H/H). 
Finally, through 
( ^ ) 
C [l-r(l-OMz)- p-r (l-0)(l-a)aS^p a_P 
c " W , 
we may infer the time path for consumption. Following the initial decline in C, an 
increase in the world interest rate causes a corresponding initial increase in borrowing 
costs, thus raising the init'al growth rate in consumption. As the debt to traded capital 
ratio and the relative price of non-traded goods decline during the transition, the 
borrowing rate declines and the growth rate of domestic consumption falls 
correspondingly. 
4.3.2 An Increase in the Rate of Time Preference 
An increase in the rate of time preference p leads to a long-run surge in the 
debt to traded capital ratio, z ； long-run decline in the non-traded to traded capital 
r^ 
ratio, h ； and a long-run decrease in growth rate and q . The steady-state equilibrium 
thus shifts from the origin to A，in Figure 2(A). The locus of the adjustment is convex 
and both h and z exhibit monotonic behavior. 
With the perfect foresight of the representative agent, an anticipated long-run 
surge in the relative scarcity of traded capital. This leads to an increase in the shadow 
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value oftraded capital in the short run. In Figure 2(B), q initially increases from B，to 
C\ The rise in q induces the economy to begin increasing its rate of traded capital 
accumulation, thus reducing its relative scarcity and causing its shadow value to drop. 
The adjustment ceases when the price of traded capital is reduced to a level below its 
original value. This means adjustment for q (and so do the growth rate of K, H, and 
Z) is oscillatory (i.e. it goes up and then falls to a level below the original one upon an 
increase in the rate of time preference). 
After the initial reduction, q < 0 along the transitional path implies that after 
its initial surge, the growth rate of traded capital is in fact decreasing along the 
transitional path. In addition, the fact that z > 0 and h < 0 along the adjustment path 
implies that (Z/Z) > ( k | K ) > (H/H). Finally, as the debt to traded capital ratio and 
the relative price of non-traded goods increase during the transition, the borrowing 
rate declines and the growth rate of domestic consumption rises correspondingly [see 
Figure 2C]. 
4.4 Chapter Summary 
The unique stable saddlepath for h, z, p, q, and c has been derived in this 
chapter, p, q, and c are determined by the expected long-run response of z and h. 
The dynamics of the system is, therefore, forward-looking in this connection. 
This chapter then proceeds to characterize the transitional dynamics in 
response to exogenous shocks; namely, shifts in the costs of borrowing and changes in 
45 
the rate of time preference. In so doing, we employed the technique of dominant 
eigenvalue method suggested by Calvo (1987). 
In the case of an increase in the costs of borrowing, z decreases over steady-
state whereas h increases. Though the locus of the adjustment is convex so that it will 
touch, not cross, the dominant eigenvalue vector, both h and z feature monotonic 
behavior. While on impact q will drop suddenly owing to perfect foresight, it then 
will gradually rise until it restores to its original value. The growth rate of traded 
capital k!K, non-traded capital ti|H, and debt Z/Z follow the same time path as 
they are determined by q. Although the behavior of the growth rate of consumption is 
just the opposite: initially rises and then gradually falls back to the original level, it 
converges to the same growth rate as K, H, and Z. 
However, the dynamics in response to a higher rate of time preference is 
essentially similar to the opposite of a higher costs of borrowing, except for two 
differences. A higher rate of time preference, however, leads to a reduction in long-
run growth rate. The growth rate of consumption does not respond to impact, instead, 




This thesis has presented a two-sector endogenous-growth model of a small 
open economy with traded and non-traded capital facing an imperfect world capital 
market. It extends three important bodies of literature. The first is the dependent-
economy model, which is proved to be a standard workhorse in international 
economics. The second identifies traded capital with physical capital, and non-traded 
capital with human capital. This model is equivalent to the two-sector, two-capital 
good, endogenous-growth models that are so prominent in the recent economic 
literature. The third is an assumption that the economy faces an imperfect capital 
market is most suitable for less developed countries (LDC). 
Although it has long been recognized that small developing economies can 
borrow only at a premium and therefore face an upward-sloping supply of debt, most 
existing growth models of such economies treat the supply of debt as being infinitely 
elastic. This thesis has departed from this assumption and attempted to analyze the 
dynamic consequences of various kinds of disturbances in an economy facing an 
upward-sloping supply of debt. The presence of such a constraint changes the growth 
and capital accumulation dynamics in fundamental ways. The analysis differs from 
those that occur under the more usual, but less realistic, assumption of perfect capital 
mobility. In an economy facing perfect capital market, consumption is always on a 
steady growth path, growing at a rate determined by tastes and the fixed interest rate 
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determined by the production conditions in the economy. Differences between these 
rates are supported by the country's ability to borrow or lend indefinitely at the given 
world interest rate. 
In an imperfect economy, growth is characterized by transitional dynamics in 
which consumption, traded capital, non-traded capital, and debt converge to a 
common growth rate. The key adjustment is achieved through the debt to traded 
capital ratio, which drives the borrowing rate to a level at which the growth rates are 
equalized. This economic structure leads to very different responses to the exogenous 
shocks when compared to the situations in a perfect capital market. For example, in a 
perfect capital market, changes in the rate of time preference do not have any effects 
on the steady-state value of relative price of non-traded goods, the sectoral capital 
intensities, the marginal physical products of traded and non-traded capital, and the 
market value of traded capital, which are determined by supply conditions and the 
equilibrium borrowing rate. Since the borrowing rate is fixed in a perfect capital 
market, an increase in the rate of time preference does not have any effects on all of 
the above mentioned. However, such an increase in an imperfect capital market will 
raise the borrowing cost of traded capital. As a result, the equilibrium value of the 
relative price of non-traded goods, the sectoral capital intensities, and the marginal 
physical products of non-traded capital will rise while the marginal physical products 
of traded capital and the market value of traded capital will drop. The equilibrium 
growth rate of consumption, traded capital, non-traded capital, and debt, being 
determined by the equilibrium market value of traded capital, therefore also decrease. 
Finally, higher rate of time preference has a net effect of raising the portion of wealth 
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consumed despite its paradoxical effect in encouraging and discouraging the fraction 
of wealth consumed simultaneously. 
As mentioned before, the steady-state value of relative price of non-traded 
goods, the sectoral capit�J intensities, the marginal physical products of traded and 
non-traded capital, the market value of traded capital, and the equilibrium growth rate 
of consumption, traded capital, non-traded capital, and debt all depend on the supply 
conditions and the steady-state value of borrowing costs only. The direct effect of a 
higher world interest rate is a rise in borrowing costs, which indirectly leads to a long-
run reduction in the debt to traded capital ratio. The reduction in the debt to traded 
capital ratio exactly offsets the higher cost in borrowing and leaves the overall 
equilibrium cost of borrowing unchanged. Therefore, an unexpected permanent 
change in the world interest rate will not affect the steady-state value of relative price 
of non-traded goods, the sectoral capital intensities, the marginal physical products of 
traded and non-traded capital, the market value of traded capital, and the equilibrium 
growth rate of consumption, traded capital, non-traded capital, and debt. Owing to the 
fact that the steady-state consumption-wealth ratio is decided by the difference 
between the overall costs of borrowing and the rate of time preference. The ratio will 
not be altered by a world interest rate shock. However, in a perfect capital market, 
since the costs of borrowing is independent of the stock of debt, higher world interest 
rate will raise the cost of borrowing which in tum affect the steady-state value of 
relative price of non-traded goods, the sectoral capital intensities, the marginal 
physical products of traded and non-traded capital, the market value of traded capital, 
and the equilibrium growth rate of consumption, traded capital, non-traded capital, 
and debt. 
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This thesis has also attempted to characterize the transitional dynamics in 
response to the shifts in the costs ofborrowing through changes in the world interest 
rate and the country-specific risk premium as well as change in the rate of time 
preference using the dominant eigenvalue method suggested by Calvo (1987). 
When there is an increase in the costs of borrowing, non-traded to traded 
capital ratio increases and debt to traded capital ratio decreases monotonically with a 
convex locus touching the dominant eigenvalue ray and the economy will stay on the 
dominant ray indefinitely. On the other hand, the market value of traded capital will 
rise upon impact and then gradually retum to its original level. Since the growth rate 
of traded capital, non-traded capital, and debt are directly determined by the market 
value of traded capital, they will have a similar transitional time path as the market 
value of traded capital. 
The impact ofhigher rate of time preference is virtually similar to the opposite 
of higher costs of borrowing except (i) a higher rate of time preference results in a 
reduction in long-run growth rate of traded capital, non-traded capital, debt and 
consumption (ii) the growth rate of consumption does not respond to the impact, 
rather, it adjusts over time to the gradual expansion in debt to traded capital ratio. 
., 
An interesting extension of this thesis, a centrally planned economy may be 
considered. A central planner chooses consumption, investment, the rate of debt, and, 
rates of traded and non-traded capital accumulation directly in order to maximize his 
utility, subject to resource constraints of the economy. Unlike what happens in a 
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decentralized economy, the planner in a centrally planned economy is aware that his 
decisions will affect the cost ofborrowing. 
Since relative capital intensity has an important implication on the dynamics of 
the economy, a natural extension of this thesis is to adopt a theoretical framework 




The stability of the local dynamics will be proved in this appendix. As a 
preliminary step the Jacobian matrix of the dynamic system is computed. The 
Jacobian matrix evaluated at the BGP as 
_ 0 Ji2 0 J,4 1^5 ‘ 
2^1 2^2 2^3 2^4 *^25 
J = 3^1 0 3^3 3^4 3^5 ( A U ) 
0 J42 0 4^4 0 
_ 0 J52 0 J54 5^5 . 
where 
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^- = 7 ^ 1 ^ ( 1 - " ) ^ P 
r--j 
h 
J,S = — 
1 
J42 = i\^)P 
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q — 1 
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• It can readily be seen Jnat J12, J21, J42, and J52 > 0 & Ji5，J31, and J35 < 0. 
• By assuming a > p (i.e. traded sector is relatively intensive in traded capital), Ju, 
J23, and J54 > 0. 
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〜 1 
• By the transversality condition, limlpHe-^' 二 0 => i(z) > ^~^ (see equation 
(2.10c)) so J22, and J55 > 0. 
• Assuming that only traded capital stock can be used as collateral for international 
borrowing, whereas non-traded capital cannot/ Therefore 
/-w r>^ q — z 
qK > Z => q > z => ~~^ > 0 => J^^ > 0 
r ./〜、仅(1 — ^ )又《~(办 
• ^44 =K^)- ^a^ P 
a-p 
= ( l - _ 0 ( 7 ' [ ^ ^ a 0 ( 6 ) 
a-p 
= — ^ “ W ) 
a-p 
r A . / � � o c { X - a )" 〜 、 办 
. . . J , 4 <0 or i(z) < —aS p “ 
cc-p 
� a ( l - a) ( ^ ) 
• J,,=-^+^^a5^p -^ 
ct — p 
> -^ + i{z) > 0 
. . .J33 > 0 
• * ^ 2 4 = - ( l ) ( ^ ) + ( " ^ ) ( f ) " " >0 
a-p c^ a-p dp 
1 A similar assumption was made by Barro, Mankiw, and Sala-i-Martin in their 1995 AER paper. 
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dr\ dr^ 
.•• according to Stolper-Samuelson theorem, — < 0 & ~ ^ > 0. 
For sake ofthe ease ofpresentation, the negative sign of the cell is displayed. 
‘ 0 «12 0 a , 4 -<^ 15 
2^1 2^2 2^3 2^4 2^5 
J= -«31 0 以33 3^4 -^35 (A1.2) 
0 «42 0 - <244 0 
_ 0 «52 0 a,, a,, _ 
where «12, au, a s^, a21, chi, <^ 3, <^ 4, ciis, < i^, «33, 3^4, <3f35, a^i, «44, ci52, 5^4, and a55 > 0. 
The properties of (A1.2) can be established: 
(i) det(J) = (a21a33 + a31a23)[a42(a15a54 + ¢^14^55) + <3f44<3f15(<3t52 + ^55)] 
=SiS2S^ S^ Ss > 0 
The product of five eigenvalues is positive, implying that there are either one, 
three, or five positive roots. 
(ii) Since -a44 < 0, J is not positive-definite, implying that not all eigenvalues are 
positive. 
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(iii) tr(J) = a22 + a2>7> - aAA + ass 
二 fz + 3(/-^ zJ) 
= S x + 62 + ^3 + £4 + £5 > 0 
Now only two cases left. The system has either one positive eigenvalue and 
four negative eigenvalues or three positive eigenvalues and two negative eigenvalues. 
The characteristic equation is re-written as 
8^  — tr(J)s' + EsJs' - E^z' + EiJs - det(J) 二 0 (A1.3) 
To determine the sign of the roots of (A1.3), the Routh-Hurwitz method is 
employed. The number of roots of the polynomial in (A1.3) with positive real part is 
equal to the number of variation of sign in the sequence: 
+ 1 -tr(J) Co do 0^ - det(J) 
where 
E,J tr{J) det(J) ^ , det(J) c � ^ ,八 
c � - ^ y " 0 = -五 2 ^ 4： ^五 1 ^ — $ ] ; ^ = E i ^ " ^ R J r ^ e t G / ) 
Suppose (A1.3) has only one positive root, the sequence must be + . 
That means Co, do, and eo must be negative simultaneously. It is shown that E^J is 
negative. In order for d^ to be negative, {EJ- [det{J)!tr{J>j]} must be positive which 
leads to the fact that e^  is positive. However, e^  is, in fact, negative. A contradiction 
arises. That means Co, ck, and e�cannot be negative simultaneously. 
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Therefore, the system is shown to have three positive real parts and two 






The characteristic polynomial associated with matrixJis given by 
P(s) = s 5-tr{J)s 4+ EyJs 3— E^Js V E,Js - det(J) (A2.1) 
Figure A depicts P{s). It follows from equation (A2.1) that for any parameter 
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Figure A 
This implies, as Figure A makes clear, that 
£\ < -a44 < &i 
With the above result, it can be shown that y/ {s 】）> 0 > y/ {s 2) and hence 
S,y/,-S,y/, y/,y/, 
< 0 and {S. — S.) > 0 
¥i - ¥1 Wx — ¥2 
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